Epithelia from I8 Holstein-Fresian calves with experimentally induced malignant catarrhal fever and two calves with naturally occurring disease had severe destructive inflammatory epithelial lesions. Calves were necropsied at early, mid and late clinical stages. Multifocal, degenerative and necrotic epithelial lesions were associated with lymphoid cells. Ultrastructurally, numerous lymphocytes, lymphoblasts and macrophages were accumulated between epithelial cells and in lamina propria, vessels and perivascular tissues. Epithelial cells in such lesions had variably severe degenerative changes or were necrotic but there was no proliferative response. Lesions were widespread in all calves and affected oral, ocular, gastrointestinal, ductal, urinary tract, choroid plexus and other epithelial tissues. Calves killed in late clinical stages had more severe lesions than those killed early. The predominantly lymphocytic, invasive-destructive pattern seen in tissues of cattle with malignant catarrhal fever was similar to that seen in such conditions as contact hypersensitivity and graft versus host disease. Viral structures were not seen.
Malignant catarrhal fever is a multisystemic disease of cattle characterized by marked lymphoid proliferation and infiltration of epithelial and mesothelial surfaces, vascular tissues and parenchymatous organs [ 10, 14, 191. The disease can be expressed clinically in several different forms, most of which are fatal [ 10, 141 . The occurrence of malignant catarrhal fever in Africa is associated with a bovid herpesvirus 3, but the pathogenesis has not been elucidated [20] . The causative agent of North American or European malignant catarrhal fever has not been positively identified although several candidate viruses have been isolated [3, 271. The clinical findings and lesions in experimental malignant catarrhal fever suggest that lymphoid cells may play a role in the development of the disease [14, 251. Although the intraepithelial inflammatory cell infiltrate has been recognized as predominantly mononuclear, neither ultrastructural investigations of lesions nor critical histological studies have been done. To allow a degree of morphological uniformity and permit use of semiquantitative techniques, lesions of oral-esophageal stratified squamous epithelia were presented as prototypes in our study. Investigations were made into the character and dynamics of lesions, nature of infiltrating cells and evidence for presence or absence of virus particles. Additionally, comparison was made between the lesions of malignant catarrhal fever and those of confirmed lymphoid cell mediated conditions. Because experimental transmission was made with infected blood, a control calf, which received normal blood, also was examined.
Materials and Methods
Details of the experimental transmission of malignant catarrhal fever and control protocol have been reported [ 14, 151. Eighteen cattle with experimentally induced malignant catarrhal fever were necropsied during early (three), mid (four) or late (1 1) stages of clinical disease. They were killed by electroshock or died of disease-related causes. Two calves with naturally occurring disease were necropsied in late clinical stages. Clinical stages were judged subjectively by occurrence and duration of fever, lymph node enlargement, severity of ocular and nasal involvement and physical debilitation. The normal blood-inoculated control calf was necropsied 43 days after inoculation.
For histological examination a minimum of 35 tissues from each of the 20 calves with malignant catarrhal fever and the control were collected in 10% neutral buffered formalin, embedded in paraffin, sectioned at 6 to 8 micrometers and stained with hematoxylin and eosin (HE) . A semiquantitative histological analysis of lesion severity related to clinical stage was done on oral-esophageal tissues from the 20 diseased calves.
A minimum of 20 lesions affecting oral and esophageal stratified squamous epithelia were analyzed from each calf. Lesions were evaluated by one of us without knowledge of clinical stage of disease. Lesions were divided into three components: 1) perivascular and lamina propria lymphoid accumulations; 2) lymphoid accumulation and acantholysis in epithelium; and 3) epithelial degeneration and necrosis. Each component was graded on a continuous severity scale of 0 (no change from normal) to 4 (very marked change) and the average numerical index for each group determined. For ease of interpretation numerical indices are presented in table I1 as 0 (no change) to ++++ (very marked change).
Tissues to be examined by electron microscopy were collected in 3% glutaraldehyde and prepared for ultrastructural examination as described [IS]. Thick sections (1 micrometer) were cut from blocks obtained from seven calves and the control. Ultrastructural evaluations were made on epithelium of the oral cavity and esophagus from four calves, choroid plexus from three calves and urinary bladder from two calves with experimental malignant catarrhal fever. Corresponding tissues from the control were examined.
Results
Epithelial lesions in cattle with malignant catarrhal fever were common and widespread (table I). Although morphology of lesions was similar, severity of lesions was greater in advanced cases than in calves examined earlier in the clinical course of disease (table 11) . Comparable lesions were in calves with experimental and natural disease of corresponding clinical severity. There were no skin lesions, however, in calves with experimental disease (table I) Stratified squamous epithelium of oral cavity and esophagus were selected as representative prototypes and, unless otherwise noted, descriptions refer to these tissues. 
Histology
Oral and esophageal epithelium from the blood-inoculated control calf had a few widely scattered lymphocytes, lymphoblasts and macrophages (mononuclear cells) between epithelial cells. These cells were not associated with acantholysis and their presence was considered to be normal.
Histologic examination of tissues from calves with malignant catarrhal fever showed focal, mild to severe accumulations of mononuclear cells in basilar and adjacent areas of the epithelium. This finding coincided with regional perivascular mononuclear infiltrates particularly involving vessels in the papillary lamina propria (fig. 3, table 11 ). In mild lesions, small to moderate numbers of mononuclear cells were on either side of the basal lamina. Focal acantholysis accompanied mononuclear cells between basal epithelial cells ( fig. 4 ). In moderate to severe lesions the infiltrative and acantholytic changes extended from the basal layer to the epithelial surface with marked increase in mononuclear and necrotic cells, principally epithelial ( fig. 5 ). A characteristic change in the epithelial layer was distinct lacunae comprised of centrally located degenerative or necrotic epithelial cells, often accompanied by mononuclear cells, and surrounded by a clear halo ( fig. 4 ). In severe lesions this change was obscured by the nearly confluent mononuclear cell infiltrate. Few epithelial mitoses were observed in or surrounding lesion sites. Epithelial lesions were only observed in association with lymphoid cells. Inclusion bodies were not seen in either epithelial or mononuclear cells.
The lamina propria of control oral and esophageal tissues had no histologic changes affecting either the vascular or connective tissues. Examination of corresponding tissues from cattle with malignant catarrhal fever showed the mildest change to be accumulation of small numbers of mononuclear cells in focal, perivascular locations in the lamina propria. Small vessels of the papillary lamina propria were slightly more involved than those of the reticular layer. When epithelial lesions were moderate to severe the deeper lamina propria vessels had marked, mononuclear, perivascular cuffing, occasionally accompanied by medial necrosis, but rarely by hemorrhage. A few arterioles and venules had fibrin-containing thrombi. Vascular endothelium was prominent and many vessel lumina contained increased numbers of mononuclear cells. In some severe lesions accumulation of many mononuclear cells obscured or replaced lamina propria tissues ( fig. 5) . Granulocytes were few, particularly in mild and moderate lesions. Neither fibrin accumulation nor necrosis of lamina propria cells were usually appreciable histologically, but interstitial edema was common and frequently severe.
Ultrastructure
Ultrastructural examination confirmed that the mononuclear cells in epithelial, vascular, perivascular and supporting tissues were lymphocytes, lymphoblasts and macrophages. Few plasma cells or granulocytes were present. Examination of an ultrastructural photomontage similar to that in figure 6 showed the 41 infiltrating cells to be lymphoblasts (15) , lymphocytes (13) , macrophages (five), and cells or parts Lymphoblasts were large cells having abundant cytoplasm with a low to moderate matrix density. Granules compatible with ribosomes, polyribosomes, and glycogen particles occurred throughout the cytoplasm but there was scant rough or smooth endoplasmic reticulum. Mitochondria, usually swollen, along with infrequent Golgi components, lipid vacuoles, and other organelles, were often accumulated toward one pole of the cell. The irregularly oval, occasionally indented, nuclei were markedly euchromatic with the exception of small quantities of marginated heterochromatin. Mitotic figures were occasionally present. The cell surface was variably irregular because of pseudopodial expansions and folds. Variations of these changes were in smaller lymphocytes. Smaller lymphocytes had more heterochromatic nuclei, more dense, granular cytoplasm, and fewer surface projections than did lymphoblastoid cells. Mitochondria, which were less swollen, and other cell organelles tended to be distributed throughout the cytoplasm.
Fewer macrophages than lymphocytes were in lesions although in severe lesions there were more macrophages than in mild lesions. Macrophages were large cells with many cytoplasmic organelles, particularly lysosome-like dense bodies, residual bodies, endoplasmic reticulum, mitochondria and distinct Golgi membranes ( fig. 7) . Nuclei were heterochromatic, irregularly shaped, and infrequently contained finely granular nuclear bodies. Phagocytic vacuoles containing cell debris were seen in most macrophages. Degenerative changes of variable degree affected some lymphoid cells. These usually consisted of mitochondrial and cytocavitary swelling and formation of myelin figures and autophagosomes. In a few instances lymphocyte nuclei had severe disaggregation of central chromatin with margination of dense heterochromatin (fig.  2) . Careful examination of these cells showed no viral particles nor were viral particles seen in other cells.
Ultrastructural examination confirmed the presence of severe acantholysis with lymphoid cells or their processes between epithelial cells or in acantholytic clefts ( fig.  6 ). Occasionally, epithelial cells were devoid of spinous processes, and adjacent macrophages contained desmosome-like structures within phagocytic vacuoles ( fig.  7 ). Separations of hemidesmosomal attachments of basal epithelial cells to the basal lamina were present but less pronounced than separations of epithelial cell desmcsomes. Except in advanced lesions, the basal lamina remained intact with only migrating cells causing disruption.
Necrotic and degenerative cells were principally epithelial. The most common change in epithelial cells was condensation of nuclear and cytoplasmic ground substance which resulted in markedly increased cellular electron density. Severely affected cells had no adjacent cell attachments, and were round, shrunken and uniformly dark, obscuring cytoplasmic detail ( fig. 8 ). Cells less severely involved had marked mitochondrial and cytocavitary swelling and structures resembling residual bodies; autophagosomes were occasionally seen. Fewer epithelial cells had cytocavitary swelling, nuclear-cytoplasmic dissolution and formation of large debris-filled vacuoles. Degenerative and necrotic epithelial cells were frequently in contact with lymphoid cells or presumed lymphoid cell processes ( fig. 9 ). The haloed lacunae seen histologically, corresponded ultrastructurally to large spaces containing combinations of epithelial cells, lymphoid cells and unclassified necrotic cells and debris ( fig. 8 ). Epithelia distant to the acantholytic, infiltrative and necrotic lesions were free from lesions.
Small, dense, accumulations of fibrin were scattered in the lamina propria of severely involved tissues. In moderate and severe lesions of the lamina propria, few fibroblasts were necrotic but degenerative changes, similar to those affecting epithelial cells, were common. Arterioles, venules and capillaries contained many lymphoid cells, occasionally to the near exclusion of erythrocytes. Compared with those of controls, endothelial cells were swollen and some had degenerative changes such as mitochondrial and nuclear envelope swelling, but necrosis was rare except in severe lesions. Lymphoid cells rarely were seen within vascular walls. Electron-dense deposits, compatible with antigen-antibody complexes, were not seen in basal laminae or in other locations.
Discussion
Lymphocytes are the principal infiltrating cell type in mild through severe epithelial lesions and in lesions from cattle in early through late clinical stages of malignant Engulfment of desmosomes (arrows) suggests phagocytic activity. Fig. 8 Typical haloed lacuna containing lymphocyte and necrotic esophageal epithelial cell. Fig. 9 Electron-dense, degenerative epithelial cell in contact with lymphocyte. 80 catarrhal fever. The severity of epithelial degenerative and necrotic changes seems related to the severity of lymphoid accumulation in the epithelium and lamina propria (table 11). The lack of lesions in areas devoid of lymphocytes suggests they may play a critical role in the pathogenesis of malignant catarrhal fever. Although most lesions were widespread, skin involvement was absent in calves with experimental disease (table I) . Previous experimental and natural disease studies reported involvement of most epithelial tissues, sometimes including skin [ 1, 10, 261 . It has been reported [4] that skin lesions occur only in mild, non-fatal cases of African malignant catarrhal fever.
Researchers [ 161 studying parietal cells of the abomasum reported frequent presence of intranuclear inclusions. They showed ultrastructurally that these inclusions were composed of virus-like or virus associated components. We did not see distinct inclusion bodies in any cells examined. Ultrastructurally some lymphocytes had severely marginated chromatin. We examined these cells and others for virus particles but saw none.
Little has been reported on the pathogenesis of malignant catarrhal fever. Lesions have been attributed to such mechanisms as ischemia, viral cytolysis, interference with metabolic processes or "pressure" [l, 2,4, 10, 181. One investigator suggested a possible role for the immune system; he proposed that hypersensitivity to viral antigens may be important in the pathogenesis [19] . More recently it was proposed that vascular lesions may be mediated by immune complexes but that epithelial change is related to the effect of vascular disruption (231. From our studies it is unlikely that ischemia plays a major role in the pathogenesis of malignant catarrhal fever epithelial lesions because of the paucity of infarcts and thrombosed vessels [ 14, 161 . Work by others [31] with a serum immunosuppressive factor found in rabbits infected with the African herpesvirus suggested that lack of an effective cell-mediated immune response to the virus may result in inability to control infection. They did not address the consequences of this event or its relationship to lesion morphology.
Many similarities are obvious when the epithelial lesions of malignant catarrhal fever are compared to those of diseases with established lymphocyte-mediated epithelial changes such as tuberculin and contact hypersensitivity [6, 9, 1 I], graft rejection [8, 12, 22, 301 and aphthous stomatitis [21] . Changes in these diseases are morphologically comparable to those we report in that they are characterized by vascular and perivascular accumulation of mononuclear cells in the lamina propria with eventual extension into the overlying epithelium. The presence of lymphocytes between epithelial cells is associated with varying degrees of epithelial degeneration and necrosis depending upon the time and nature of the insult.
Malignant catarrhal fever epithelial lesions are particularly similar to those of graft versus host disease. An electron microscopic investigation of graft versus host disease in monkeys showed acantholytic and lympho-infiltrative lesions similar to those seen in our study [32] . Several distinctive types of epithelial necrosis were described, including "coagulative" changes and occurrence of haloed, debris-filled lacunae or "rejection bodies" in typical malignant catarrhal fever epithelial lesions. Similar infiltrative and destructive lesions are reported in allograft [22, 301 and lymphocyte transfer reactions [5] . Extra-vascular fibrin deposition, luminal engorgement with mononuclear cells, and endothelial swelling also are reported in graft rejection [22, 301 and contact hypersensitivity [7] . Fibrin accumulations in connective tissues of cattle with malignant catarrhal fever are evidence of increased vascular permeability. There are also similarities in regional lymph nodes in which marked paracortical hyperplasia occurs in malignant catarrhal fever [ 14, 261 and in contact hypersensitivity (291. Widespread Iesions, similar to those in malignant catarrhal fever exist in Behcet's disease [ 13, 241, mucocutaneous lymph node syndrome [28] and adjuvant arthritis Our study does not establish or assume cause-effect relationships. The prominent and widespread association of lymphoid cells with epithelial lesions, however, suggests they may play a critical role in the pathogenesis of the disease. While morphological similarities exist between lesions of malignant catarrhal fever and some lymphocyte mediated events, confirmation of mechanistic similarities awaits critical in vitro investigations.
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